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We cannot know what the task is until we know what 
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ABSTRACT 
THISAKTICLE DESCRIBES HOW EXPERTS CREATE and use bundbs-organized, 
highly selective collections of information-to help solve problems and 
maintain situation awareness. In field observations of expert clinicians 
caring for patients in critical care units, bundles appear to be a widely 
used means of managing information to support diverse, complex, and 
often simultaneous tasks. They may be especially useful in settings that 
are characterized by high uncertainty, low predictability, frequent inter- 
ruptions, and potentially grave outcomes; where time and attention are 
highly constrained; and where interdisciplinary teamwork is essential. 
Reports of analogous observations from other domains such as aviation 
and air traffic control suggest that bundles may be a common information 
management tool for solving problems and maintaining situation aware- 
ness. In an age of digital libraries, computer-based tools for creating and 
managing bundles may be useful as the information in these settings is 
increasingly represented in digital collections that are larger, more com- 
plex, more diverse, and potentially more difficult to explore and manipu- 
late. 
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BACKGROUND 
Digztal Libraries Research: Tracking Footprints in Infomation Space 
The observations described in this article are part of a larger project, 
“Tracking Footprints in a Medical Information Space: Computer Scien- 
tist-Physician Collaborative Study of Expert Problem Solvers” funded by 
the National Science Foundation Digital Libraries Initiative Phase 2 (Na-
tional Science Foundation, 1998). The goals of the Tracking Footprints 
project are to understand how experts select information in a large and 
complex information space and to develop tools that assist them in this 
process. The research focuses on experts in health care, but analogous 
observations by others suggest that the findings will be applicable in other 
domains such as aviation. The research is being conducted by two teams- 
an observation team whose job is to accurately describe the information 
behavior of expert clinicians in situ, and a computer science team whose 
job is to investigate the application of superimposed information technol- 
ogy (Delcambre & Maier, 1999) to assist experts in navigating vast and 
complex digital information spaces. It is important to explicitly state the 
underlying assumptions of this research and to distinguish it from other 
areas of digital library research and other uses of digital libraries. Most 
important here is to distinguish the focused information seeking of clini- 
cal problem solving from other information behaviors such as browsing or 
information gathering (Krikelas, 1983) that may be observed in other uses 
of digital libraries. 
Assumptions: Framing the Problem 
Imagine a heart specialist who is called in to see a patient to manage 
a specific heart condition. While reviewing the medical records of the 
patient, the specialist must somehow locate sufficient relevant informa- 
tion to understand and solve the problem, ignoring the much larger quan- 
tity of information that belongs in the record but is irrelevant or redun- 
dant with respect to the problem at hand. As she traverses this large, di- 
verse, often disorganized collection of documents, she makes explicit 
choices about which items to ignore and which to examine more care- 
fully. Taken together, her choices create a discrete subset of information 
and documents that are relevant to a given problem and likely to be of 
interest to other users of the collection who are concerned with the same 
problem. 
The “user” in this case is an expert or team of experts, possessed of 
specialized knowledge, focused on a specialized patient care task. Infor- 
mation management, although essential, is of secondary importance com- 
pared to the clinical task. Significant constraints are present-i.e., time 
and attention are quite limited; considerable uncertainty and 
unpredictability are present; and misunderstanding or error have poten- 
tially grave consequences. To be effective under these constraints, expert 
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clinicians must employ cognitive strategies such as hypothetico-deductive rea- 
soning (Elstein, Shulman, & Sprafka, 1978) to narrow the problem space, 
and “satisficing” (Simon, 1955) to find a solution that is satisfactory rather 
than devote substantially more time and attention to arrive at an optimal 
one. It is expected that only a small fraction of the available information 
will be examined, the vast majority of the collection will be ignored, and 
these choices will often be based on the appearance and organization of 
the documents rather than on their content (Nygren & Henriksson, 1992; 
Nygren, Lind, Johnson, & Sandblad, 1992). 
The task, involving some aspect of patient care, is likely to be both 
generic and unique. It is assumed that most users in most circumstances 
need similar information to make a certain type of decision or to perform 
a certain task. But in health care especially, every instance is expected to 
have unique elements, relating to the patient, to the clinician, or to local 
circumstances, and this variability cannot be completely predicted from 
prior instances. As Sir William Osler put it nearly 100 years ago: “Variabil- 
ity is the law of life, and as no two faces are the same, so no two bodies are 
alike, and no two individuals react alike and behave alike under the ab- 
normal conditions which we know as disease” (Osler, 1932). 
The information space for this task includes the medical record of the 
patient (see Figure 1)-a large complex collection of information distrib- 
uted across multiple, often geographically dispersed, information systems- 
some electronic, some paper-created by a diverse array of health profes- 
sionals, for divergent purposes, over an extended period of time. Differ- 
ent classes of users may inhabit distinct territories within this space, rarely 
venturing into other regions (Ames, 1993). Importantly, the medical record 
itself is only one of many sources of information, electronic and other- 
wise, that are likely to be employed in the management of clinical prob- 
lems (Gorman, 1999). Sorting through these sources to locate needed 
information can be a formidable and time-consuming task. As electronic 
health information systems, like digital libraries, expand and evolve, their 
diversity, size, and complexity are increasing dramatically while familiar 
cues that enable efficient navigation in print media disappear (Nygren & 
Henriksson, 1992; Nygren et al., 1992). The result may be an information 
management task that is even more formidable than before. 
Research Questions 
A common observation in our early pilot work for this project was 
that clinicians in a variety of settings select and organize bits of informa- 
tion into what we are calling bundles (Figure 2).  As a result, we refined our 
research questions to focus on the following: 
1. How do experts choose which items to examine and which to ignore? 
2. 	 (a) Is there value in the selection and organization of information 
items into bundles? 
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Figure 1.Medical Records. 
Medical records (larger than most) readily available for clinicians to examine in 
an intensive care unit. The institution also has highly evolved electronic clinical 
information systems. Rubber bands hold together multi-volume records of 
individual patients. Inferences about the patient and the task may be made based 
on external appearance of the records alone. 
(b) Can a bundle be reused by the expert who created it? 
(c) Can a bundle be used by other experts? 
3. Can we capture and leverage the information inherent in bundles? 
Initially, we considered devising protocols to examine questions 2a, b, and 
c in a laboratory environment. However, our observations of expert clini- 
cians in subsequent fieldwork has provided the opportunity to answer these 
questions “in the wild” (Hutchins, 1995). 
INFORMATIONUSEIN CRITICALCARE 
This study employs observational methods to address the general 
question, “How do expert clinicians use information to help patients in 
critical care?” Complete details of the methodology of this study will be 
available in a forthcoming report. In this discussion, we briefly review the 
methods and describe in detail those findings related to the creation and 
use of bundles by experts as they care for patients in an intensive care 
unit. 
Setting and Subjects 
This study was conducted in the intensive care unit (ICU) and the 
cardiac intensive care unit (CICU) of a university-affiliated metropolitan 
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Figure 2. A Bundle in situ. 
Clinician locating information in a printed medical record, an electronic medical 
record, and from the patient (out of camera view). Her fingers preserve locations 
in the chart, forming a simple bundle of information items relevant to the 
problem(s) at hand. Her attention was required to create it (cost) and her 
expertise is inherent in the selections she has made (value). 
hospital of moderate size. This institution serves as a regional referral 
center for smaller community hospitals and as a training institution for 
multiple professions, including medical and nursing undergraduate stu- 
dents, an internal medicine residency training program, and a variety of 
postgraduate and advanced practice programs in nursing and medicine. 
The ICU and CICU employ a common layoutwith individual patient rooms 
on the perimeter of a rectangle surrounding a central work zone for nurses, 
physicians, and others. Each patient’s room has its entrance and a trans- 
parent wall facing the central area maximizing the ability of clinicians to 
directly observe the occupants and equipment of every room from the 
central area (views of the setting and many observed artifacts can be found 
on the project Web site at: http://www.cse.ogi.edu/footprints/). 
This clinical setting is characterized by a high level of patient com- 
plexity and acuity; a considerable and unpredictable flow of patients in 
and out of the unit; complex medical equipment of every description to 
support a variety of patient care and other tasks; a constant stream of 
diverse hospital personnel and visitors from outside the unit; a remark- 
ably high level of ambient noise; and a professional team approach that is 
highly focused on patient care in a setting of constant change, interrup- 
tion, and uncertainty. 
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Participants in the study included the critical care nurses, resident 
physicians, attending physicians, pharmacists, therapists, and an array of 
other health professionals that are typically engaged in modern critical 
care. Consent was obtained from informants in group meetings at the 
outset of the study. By coordinating with unit leaders, observation sessions 
were scheduled only when staff who were willing to participate were on 
duty. Individual staff or patient identifymg data either were not collected 
or have been obscured where they are inadvertently included in images, 
and so on. 
Data Collection 
Data were collected mainly through participant observation, supple- 
mented by key informant interviews, oral histories, and focus groups. Data 
included field notes, taped transcripts of interviews, photographs, and 
video recordings. The data collection team included a nurse (ML), a medi- 
cal librarian (JA),a physician-in-training (‘JL),and an attending physician 
(PG). The team leader (PG) is a physician on the attending staff of the 
host institution, enabling the team to “gain entry” to the unit more readily. 
The mix of professions on the team afforded the ability to match observ- 
ers and participants by professional background, promoting better rap- 
port with informants and more valid observations. This mix of professions 
also ensured that multiple perspectives would be represented in the ex- 
amination of data, improving the reliability of our analysis. Field observa- 
tions and data analysis were guided by the general research question, “How 
do expert clinicians use information to help patients in critical care?” Fol- 
lowing analysis by the research team, findings were presented to infor- 
mants in small groups to obtain a validating “member check on our ob- 
servations and inferences. 
OBSERVATIONS: IN THE WILDBUNDLES 
A full report of the findings of this study is forthcoming. We focus 
here on observations relating to the creation and use of bundles. Follow- 
ing are descriptions of several types of bundles which expert clinicians 
used in the course of patient care. 
The Kardex 
The Kardex (Figure 3) captures the current state of active medica- 
tions, treatments, and other management information for a given patient. 
One Kardex is created and maintained for the duration of each patient’s 
stay in the ICU, then discarded on transfer to another unit. Printed on 
heavy stock and folded, it is durable, portable, and separate from other 
documents, enabling it to survive frequent revision and heavy use as it is 
taken along to the bedside, to the workstation, to the pharmacy, or to the 
telephone in support of various tasks. Identifylng information is stamped 
in ink using an addressograph, as it is on all patient-specific documents. 
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Virtually all other entries are made in pencil. This permits inactive medi- 
cation or treatment orders to be erased and new information to be added 
so that only current active information is present at any given moment. 
The primary nurse caring for each patient is responsible, with help from 
the unit secretary, for keeping that patient’s Kardex up-to-date, although 
many others, including physicians, nurses, pharmacists, etc., may refer to 
the Kardex in the course of carrying out their respective duties. 
Figure 3. The Kardex. 

In the foreground is a Kardex. Most entries are in pencil, erased and updated 

regularly to reflect the current state of active interventions for this patient. 

Identifjmg information is stamped in ink. Three-ring binders on the right contain 

the current medical record for this Datient in two volumes. 

Most of the information recorded on the Kardex is also recorded in 
another location, such as in the nursing care plans, in the physicians’ 
orders, in pharmacy records, in laboratory records, and so on. But no 
other source contains this particular combination of information. Some 
information is recorded only on the Kardex. This information tends to be 
details that are helpful to nurses and others caring for the patient but 
which are too sensitive, uncertain, unique, or temporary to be documented 
in the permanent record. While copies of the information on the Kardex 
exist in other locations, only one Kardex exists for each patient. This pro- 
vides a physical form of version control: there is no confusion about whether 
the Kardex in hand is the current and correct version, a problem that can 
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occur with other documents of which multiple versions may exist and 
multiple copies may be printed. 
The layout of the Kardex provides predictability in the location of 
information but allows flexibility of content according to the unique and 
changing patient situation. Frequent revisions are made to keep the Kardex 
current, complete, and relevant. Observation reveals that it is used fre- 
quently by nurses, physicians, and other personnel. In the ICU under study, 
the Kardex was reported to be among the most useful sources of informa- 
tion by residents (unpublished data). As one nurse observed, “if you talk 
to people, it’s probably their number one communication tool.” In many 
institutions, efforts are being made to eliminate the use of the Kardex 
(Krause, Westdorp, Coonen, &Jenks, 1996; Newell, 1996). 
A Resident’s Worksheet 
Resident physicians often create an informal temporary daily 
worksheet containing selected task-oriented information (Figure 4). Al-
though styles vary, these generally are preprinted or photocopied forms, 
often using a format borrowed or modified from that of a colleague. In 
the example in Figure 4, each row contains information about a single 
patient and each column contains information of a certain type: in the 
leftmost column is identifying information, often only the last name and 
room number; in the second column, a list of active health problems; in 
the third column, pertinent, often numeric, laboratory data; in the 
rightmost column, action or to-do items. In each cell, only a subset of the 
available information is included: complete information can be found else- 
where. For example, the active problem list cell usually includes only those 
conditions that require action or attention while in the ICU. A more com- 
plete problem list may be found in the medical record but is not necessary 
on this worksheet. 
The figure illustrates annotations that suggest the meaning of unla- 
beled numeric or text data. Some of these annotations, such as the simple 
matrices used to record standard hematologic and metabolic parameters, 
are widely used and readily understood by other clinicians. Other annota- 
tions may be idiosyncratic or ad hoc and understood only by their author 
or in context. The content of these worksheets is generally unique to the 
individual patients, to the individual resident, and to the time it is cre- 
ated: what is relevant and important to one clinician on one shift may not 
be relevant and important to another clinician or at another time. Often 
there is a mix of patient-specific data and informal or local procedural 
information (Forsythe, Buchanan, Osheroff, & Miller, 1992; Gorman, 
1995). 
There is an emphasis on recording numeric laboratory data (third 
column from the left), perhaps because these numeric details are less 
easily retrieved from memory. In contrast, the simple list of abbreviations 
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Figure 4. Resident’s Worksheet. 

Worksheet used by a resident (in training) physician illustrating flexible content 

in predictable arrangements. Annotation and organization of items suggests the 

meaning of data and status of processes. 

or phrases in the “Active Problems” column (second column from the 
left) can trigger retrieval of additional details from memory, either infor- 
mation obtained by direct experience (hearing the history from the pa- 
tient, observing physical findings through physical examination) or infor- 
mation that is more amenable to “chunking” into high level “illness 
scripts”’(Evans & Gadd, 1989; Schmidt, Norman, & Boshuizen, 1990). 
Graphical cues, annotation, and white space are used: (1)to specify item 
types (check boxes for to-do items); (2) to specify data types (the shape of 
simple matrices identify the type of laboratory data), and ( 3 ) to draw at- 
tention to important or needed information (empty matrices suggest a 
need to retrieve specific laboratory data). Although many elements are 
recorded for all patients, the combination of data recorded is unique to 
the patient and the situation. Placeholders are not present for data that is 
t*.bz.rR.e&eb.-- - - - _ _ _ _ _ii& 

This bundle is like the Kardex in several respects: (1)it is a represen- 
tation of the current state (active problems and current laboratory data); 
(2) it serves to organize the performance of important tasks; ( 3 )its stmc- 
ture has predictability but great flexibility for information content; (4)most 
of the data have been or will be recorded elsewhere; (5) the data are 
highly selected, with more complete details available in other documents; 
and (6) there may be a mix of patient-specific data (found in the print or 
electronic patient record) and local or informal procedural information 
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(often communicated orally or found in local information sources). Also 
like the Kardex, it is a portable, temporary, and highly task-oriented docu- 
ment. Unlike the Kardex, it contains information about multiple patients, 
it is usually created and used by a single individual, and is not generally 
shared. Similar resident worksheets were observed which were shared, but 
these often contained only baseline information with unique annotations 
added by individual recipients of partially completed bundles. 
Messy Bundles 
While both the Kardex and resident physician’s worksheet are pre- 
pared in advance, with some a priori sense of what to record and where 
and why to record it, other bundles are ad hoc, literally “back of the enve- 
lope” creations (Figure 5 ) .  We refer to these as messy bundles, with the 
messiness occurring on multiple levels: from the informality of the re- 
cording medium, such as this “four by four” gauze pad package, to the 
shorthand used to record it, often without labels or formatting; and even 
perhaps to “messiness” or uncertainty about these data. Messy bundles 
may be created by anyone and reused by their author or by others, but 
they tend to be very tightly integrated with tasks, and their interpretation 
depends much more on context than is true of other types of bundles. 
Messy bundles may be advantageous beyond mere convenience be- 
cause of their immediacy, portability, disposability, and flexibility. Poten- 
tial advantages of messy bundles may include: (1)where there is uncertainty 
Figure 5 .  Messy Bundle. 

Handwritten annotations on the back of a gauze pad package. Handy, portable, 

highly flexible, and quite typical temporary storage. Domain experts recognize 
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about the data, it can be verified before it is added to the permanent 
record; (2) the act of physically recording the data may improve under- 
standing, allowing the clinician to “think through” the information as it is 
being recorded; (3) messy bundles can be taken to the bedside, to the 
medication room, wherever the information is needed, to whomever needs 
it, without interrupting patient care; (4)messy bundles can be kept handy 
as a physical reminder of patient status, of the need to perform some task, 
or that the task has been performed; (5)messy bundles allow information 
to be recorded in whatever form is appropriate without the limitations of 
the recording technology, which may be especially useful for such items as 
waveforms, diagrams of physical findings, or the location of equipment in 
relation to the patient; and (6) assembly of messy bundles can be readily 
integrated into routine workflow, adding items of information as they be- 
come available at separate locations, often distant from formal documen- 
tation technology. 
Another advantage of messy bundles is that their flexibility allows for a 
very high signal-to-noise ratio, a concept borrowed from information theory 
referring to the amount of meaningful information (“signal”) conveyed in 
a message relative to the amount of useless information (“noise”) in that 
message. The bundle in the figure contains seventeen numeric values, only 
two of which are labeled. Yet, in informal feedback sessions, physicians and 
ICU nurses readily recognized these to be hemodynamic data from a pa- 
tient with a pulmonary artery catheter. In a critical care unit, the terms 
“W”and “Wedge” have specific meanings that help provide context for 
the other data. For the unlabeled items, the range of values, the order in 
which they are recorded, the use of separator characters and annotation 
(encircled groups, bars over “means”), and the grouping of items provide 
the necessary cues for the data types to be understood by experts in this 
domain, even if undecipherable to others. Evans and Gadd (1989),in their 
analysis of expert discourse, comment on this sort of efficiency in expert 
communication: “Experts share knowledge not only of the details of their 
domains, but also of the structure and goals of their discourses” (p. 214). 
The ICU Flow Sheet 
The flow sheet (Figure 6) is a nearly ubiquitous tool for managing 
information in intensive care units. Unlike the first three examples, a flow 
sheet is both an essential working document and a part of the permanent 
record. Compared to the other bundles, it is less portable, not disposable, 
more structured, and less flexible in its content and organization, although 
much flexibility and some portability remain. It is a dynamic document, 
evolving over the course of a shift or a day as it is detailed with data about 
the patient. Like the Kardex, only the nurse primarily responsible for the 
patient makes entries on the flow sheet, while nearly every clinician in- 
volved in caring for the patient makes use of it. 
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Figure 6. Flow Sheet. 
Beneath the other objects, the large format flowsheet provides a frequently 
updated overview of the current state and recent past states helping to maintain 
situation awareness for the team. Legend at far right explains meanings of some 
symbols. In the foreground lower right is the nurse’s handwritten worksheet for 
I I&is patient. 
The data content is highly predictable but still sufficiently flexible to 
remain context-specific and serve the needs of the individual patient and 
clinicians. For example, vital signs are always recorded, but the frequency 
and means of recording them depends on the state of the patient. Medi- 
cations, various nursing observations, hemodynamic measurements, or 
laboratory data may or may not be included as dictated by the current 
Context of me patient s”cire. Highif amor&% Mm&, rapidly charigirig 
parameters, or measurements used to monitor an active treatment or con- 
dition will be included, but only for as long as is necessary. Experts using 
the flow sheet can determine at a glance the overall severity and stability 
of the patient’s condition as well as the major conditions that require 
attention at a given point in time. 
The data format is highly structured, using a row and column arrange- 
ment. Data in each column roughly represent a cross-section in time, with 
time moving from left to right across the page. The time scale may be 
expanded or contracted according to the frequency of data collection 
required by the patient’s condition. Rows are grouped to contain related 
data: temperature, pulse, and blood pressure at the top, nursing observa- 
tions and physiologic parameters beneath these, medication information 
and laboratory data in groups of rows near the bottom, and text annota- 
tions added wherever meaningful. Common symbols, figures, abbrevia- 
tions, annotations, separators, and data arrangements are used. There is 
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general predictability but specific flexibility in the recording of data items. 
A domain expert from another institution can readily interpret flow sheet 
information with no training and minimal explanation, partly because of 
expertise about the data, partly because of experience with similar docu- 
ments used in other institutions. 
Nearly every individual item of information is recorded in other docu- 
ments or information systems, but the flowsheet contains an assembly of 
information collected asynchronously in the course of workflow from di- 
verse, physically separate, sources, and the flowsheet contains alternate 
representations of the data that are meaningful and useful in task-specific 
ways, using graphical plots, symbols, diagrams, numbers, text annotation, 
and meaningful arrangements or juxtaposition. The current dose of pow- 
erful medications is recorded alongside current physiologc measurements 
that influence or are influenced by that medication, allowing minute-to- 
minute adjustment. Text annotations such as “questionable waveform,” 
“vomiting, possible aspiration,” or “family visiting” are recorded immedi- 
ately adjacent to numeric or other data, allowing those data to be under- 
stood in a way that would not be possible otherwise. Even juxtaposition in 
time of items that may not otherwise appear to be related (and therefore 
would not be recorded together) may enable patterns to be recognized 
that could otherwise go unnoticed. Like the Kardex, many institutions are 
replacing the flow sheet with electronic systems that attempt to emulate 
the content, format, and/or functions of the flowsheet (Shabot, 1997). 
A Bundlf of Bundle5 
Groups of bundles may be positioned together in temporary arrange- 
ments, creating what may be referred to as a metabundle as illustrated in 
Figure 7. Bundles may be present, such as the large flowsheet and Kardex, 
alongside other nonselective information collections, such as the patient’s 
chart (three-ring binder) and electronic information systems in varying 
combinations. The entire workstation is immediately adjacent to the 
patient’s room so that the patient and all monitoring and treatment de- 
vices are in view at all times from this location. Once again, this is prima- 
rily a workstation for the critical care nurse, but many other expert clini- 
cians use it: physicians, pharmacists, therapists, and others. Unwritten so-
cially negotiated rules of “ownership” allow for some objects to be shared 
or removed for use elsewhere, while others are left in place except under 
unusual circumstances. It is rare, for example, to observe a physician re- 
cording information on a flow sheet, but it is common to see physicians 
arid others reading from it. Redundant recording of information provides 
a degree of fault-tolerance, allowing certain items to be removed for task- 
specific purposes while keeping essential data available at the bedside. 
The content and arrangement of this metabundle is quite flexible 
and meaningful. What is lost in predictability of content is gained in mean- 
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Figure 7. Metabundle. 
Several related bundles in an arrangement that supports current tasks. Many 
clinicians from multiple disciplines use this collection, which is maintained by a 
single nurse. The presence and arrangement of information tools and other 
objects suggests current status, needs, or priorities. 
ing: the presence and arrangement of objects contains information about 
the present state and immediate past and future states of the patient. 
Implicit in the positioning of information objects is a to-do list and a pri- 
ority classification. Lab slips pinned to the doorframe suggest the need to 
collect specimens. Hemodynamic data left out in full view suggest that: 
(1)  there is a reason for this patient to have it recorded; (2) the task of 
obtaining it has been completed; (3) the task of interpreting it is not yet 
complete; and (4)the attention of an appropriate expert may be needed. 
Laboratory report slips positioned neatly out of view beneath Kardex on 
the clipboard suggest that these data have been obtained, recorded, ex- 
amined, and probably interpreted to some extent. If a major important 
abnormality were present, the report would likely be on top of the clip- 
board; if the data were normal, stable, and unlikely to require further 
attention, the paper would likely be filed or recycled. The computer screen, 
showing a clinical information application rather than a screen saver pat- 
tern, suggests recent use. 
To describe this as a metabundle is to focus only on the information 
objects and information systems that are present. But to do this is to cre- 
ate an artifact, artificially separating the information objects from the 
people and the other objects that are integral to the tasks. The location of 
this metabundle is essential: its usefulness is in large part a function of 
where it is, and to move it could significantly alter its ability to support the 
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tasks of patient care. Similarly, the other objects that are present are not 
traditionally viewed as information objects, but they are integral to 
performance of patient care tasks, and their presence and physical state 
(open versus closed, and so on) contain information about the state of 
the patient or patient care tasks. Airline pilots use the same sorts of cues; 
for example, the physical position of controls in the cockpit can be a rep- 
resentation of the current state of the object being controlled and may 
have implications for the current stage in completion of a task (Hutchins 
& Klausen, 1996). 
Not visible in the figure are the sounds-i.e., regular constant sounds 
that suggest stability; irregular or intermittent sounds that suggest change 
and draw attention; and alarms that indicate a problem and demand at- 
tention. Any of these, by virtue of their volume and directionality, provide 
a direct analog representation of the problem: its location, its importance, 
and its relevance to the listener. Though often not viewed as elements of 
an information system, these are important sources of information that 
can be essential to effective and efficient performance of critical tasks. 
SUMMARY PROPERTIESOF BUNDLE 
The goal of this article is to describe bundles-organized collections 
of highly selected information-which we observed to be commonly used 
by expert clinicians to help solve problems and maintain situation aware- 
ness. Based on fieldwork in an intensive care unit, five examples of bundles 
have been described that illustrate the variety of bundles in use; their 
information content; organizational format; common and distinguishing 
features; and usefulness in the intensive care environment for solving prob- 
lems; performing patient care tasks; and developing, maintaining, or shar- 
ing situation awareness. To clarify what bundles are and what they are not, 
the properties of bundles can be summarized as follows: 
Bundles are always: 
actively created A bundle is by definition actively created by an 
expert in the course of problem solving, task 
performance, or maintaining situation awareness. 
physical Some important information exists only as an 
individual or collective mental representation 
but, for our purposes, a bundle is always a 
physical representation. 
collections Creating a bundle involves grouping items, based 
on some idea of relatedness. A single item would 
be trivial and require no processing. 
selective Creating a bundle involves selection, separating 
relevant and important from nonrelevant or 





Bundles are sometimes: 
organized 
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collection would be of far less value, possibly 
interfering with task performance. 
Most bundles are comprised of bits and pieces of 
data of varylng levels of granularity from single 
items, to groups of contiguous or related 
items, to a paragraph or more of information. 
Rarely does a bundle incorporate a complete 
document. 
Bundles often share common data elements or 
format, but every bundle is to some extent context 
dependent, where context may include 
properties specific to its creator, the setting, the 
patient and task, and a specific point in time. 
Bundles are therefore never completely 
predictable and must be highly flexible. 
Bundles are created not for their own sake but to 
facilitate performance of specific tasks. Creating 
a bundle may: (1)provide a data cache for specific 
items especially where precision is required as 
with laboratory values physiologic parameters; 
(2) trigger memory of additional details; 
(3) facilitate development of an individual’s 
situation awareness (getting the story straight, 
thinking the problem through); (4) enable 
sharing of related data with others having related 
expertise and duties, achieving group situation 
awareness; and (5) facilitate multi-tasking and 
multi-threading in an environment characterized 
by simultaneous demands and frequent 
interruptions. 
Almost every item of information in a bundle can 
be found elsewhere: in another bundle; in other 
documents, collections, or information systems; 
or in some physical representation. The bundle 
itself is a unique collection that can be found 
nowhere else. 
All bundles probably have some degree of 
organization, distinguishing them from 
unordered collections. Bundles observed in this 
study had varying degrees of organization: 
(1)high degree of order in a fixed, widely 
recognized pattern; (2) high degree of 










Bundles are not: 
distributed 
organization in an individual or locally unique 
order; and (3) loosely organized with fuzzy or 
uncertain relationships. The order in bundles is 
often latent, emerging as the bundle is created. 
Some bundles are static: created and used, then 
stored or discarded. Others are frequently revised 
(the Kardex) or regularly updated (the flow 
sheet) as the situation changes. 
Some bundles are for temporary use, others 
become a part of the permanent record with 
implications for the kinds of data they can 
contain. 
Most bundles include information items derived 
from multiple sources or systems, although many 
are single-source. 
Many bundles contain multiple data types or 
multiple media. Numeric data, text, annotations, 
diagrams, cutouts or replicas of waveforms, and 
a variety of graphic elements may be included. 
Many examples of composite, multiauthored 
bundles exist, though those illustrated here tend 
to be single author. 
Some bundles are created and used by a single 
person, but many are used by multiple 
individuals, often crossing a variety of disciplines. 
Bundles may serve one or many tasks. 
Some data or the suggested relationships among 
data are tentative or uncertain. Bundles provide 
a means of dealing with this uncertainty by 
making it temporary or keeping it private, for 
example. 
Almost all bundles we observed made use of visual 
cues (layout, ink color, handwriting style, white 
space, check boxes, arrows, circles, etc.) to 
organize information, draw attention to specific 
items, suggest relatedness or patterns, and 
otherwise provide a means of adding meaning 
and focusing the attention of viewers. These 
annotations tended to be graphical, flexible, and 
were sometimes novel. 
Bundles by definition are items brought together 
in one place, although the items may be gathered 
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from widely distributed sources. 
comprehensive 	 As stated above, exhaustive lists, though 
important for archival and other purposes, 
appear to be of less value than selected task- 
specific information. 
simple lists 	 Bundles have some internal organization, 
determined by the context in which they are 
created and by the ontology of their creator’s 
domain. This internal organization thus cannot 
be completely predicted in advance. 
forms or views 	 Views or forms can provide highly meaningful 
grouping of information items but, unlike 
bundles, are less context specific and are entirely 
predictable in their content and arrangement. 
BUNDLESAND DIGITALIBRARIES 
As libraries evolve from physical repositories in fixed locations to digital 
collections available in virtually any location, it can be expected that they 
will be used in new ways beyond traditional information gathering or re- 
search. In particular, because digital libraries can provide vast amounts of 
information at the times and places where information intensive tasks are 
performed, they have the potential to transform the work of those whose 
information management and decision making are tightly integrated with 
the physical operations they perform. To achieve a truly beneficial trans- 
formation, however, requires a deep understanding of the work, the ex- 
perts who perform it, and the information tools and processes that they 
use. As Ruhleder (1994) states: “Medium, thought, artifacts, and work 
processes are deeply intertwined, often in ways we do not fully under- 
stand” (p. 210). 
Our observations of expert clinicians using bundles to manage infor- 
mation while caring for patients in an ICU are analogous to observations 
from other fields. Levy and Marshall (1995),for example, describe how 
information analysts in a digital library “create more fluid, transient, and 
nondigital materials, constructing and maintaining local collections, which 
can then be shared with others” (p. 80).These observations may provide 
insights into some of the challenges that digital libraries must address if 
they are to become truly useful in their new roles. Five features of bundles 
that appear to be especially important in this regard are: tangibility, infor- 
mality, redundancy, annotation, and active creation. 
Tanpbility refers to the physical properties of bundles and the task- 
specific advantages these physical properties confer. As portable objects, 
they can be kept on-hand at-hand and thereby allowing information to be 
collected, referred to, and shared as individuals niove about to perform 
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tasks that are often exacting, messy, or physically demanding. For groups 
collaborating on multiple simultaneous complex tasks, they provide a 
tangible means of version control (the Kardex); socially negotiated au- 
thorial control (as with the flow sheet); a visible means of determining 
and transferring responsibility both for the bundle and for the task it is 
created to support; and a physical representation of the state of a task or 
tasks that enables multi-threading in the face of frequent interruptions, 
reshuffling of priorities, and reassignment of responsibilities. Similar ob- 
servations have been reported in other domains, notably among groups 
of air traffic controllers who rely on paper Jlzght s t ~ @ s ,“physical objects 
with multiple affordances that support various aspects of the controllers’ 
work (Mackay, 1999, p. 323). 
Informality refers to the flexibility, on multiple levels, that bundles pro- 
vide their users, including flexibility of content, format, granularity, own- 
ership, and so on. As temporary disposable collections, they can contain 
information that does not belong in the permanent record: sensitive in- 
formation that is meant to be kept private; logistic information with only 
short-term contextual usefulness or relevance; and combinations of infor- 
mation types (Gorman, 1999) that must be integrated to perform clinical 
tasks but must be stored separately in formal information systems. As in-
formal creations, bundles allow individuals or groups to manipulate infor- 
mation in tentative combinations, avoiding the substantial cognitive over- 
head demanded by computer systems that require formal specification of 
categories and relationships (Shipman & Marshall, 1999). The “pile” meta- 
phor for a file system interface (Rose et al., 1993) and computer-supported 
incremental formalization (Shipman & McCall, 1999) are two examples 
of information systems designed to allow for, and benefit from, informal 
specification by users. 
Redundancy refers to the use of multiple representations of data and 
multiple processes or procedures for managing it. Most of the data present 
in bundles are also present in at least one other information system. Many 
of these items are collected, recorded, or shared by more than one per- 
son or through more than one process. One advantage to this use of mul- 
tiple representations and multiple processes is fault tolerance: bundles 
are one tool used to check and double check information that may be 
questionable, unavailable, or lost. Experts thus take advantage of one 
another’s expertise and attention to make sense of the information and 
make certain it is correct (Figure 8). Similar fault tolerance has been de- 
scribed when a group receives communication in an airline cockpit 
(Hutchins & Klausen, 1996) and when the presence of aircraft is simulta- 
neously apparent on a radar screen and as a physical flight strip (Mackay, 
1999). 
A second benefit to this use of multiple representations is the task 
suitability of the representation. As Shipman and Marshall (1999) note, 
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Figure 8. Managing Information. 
Several sources are being used, several processes are taking place. Bundles are 
being updated to reflect the current state, compared to confirm accuracy, and 
summarized for sharing with others. An example of “propagating representations 
across representational media” (Hutchins, 1995). 
“a representation that is suitable for one task may not be appropriate for 
a very similar related task” (p. 345). Hutchins describes this phenomenon 
on the navigation deck of an aircraft carrier. Bearings and ranges are si- 
multaneously recorded in numeric tabular form on the ship’s log for docu- 
mentation purposes and separately plotted as a direct analog representa- 
tion on the navigation chart, a form that is more immediately useful for 
navigation purposes (Hutchins, 1995). This process of “propagating of 
representational state across a series of representational media” (Hutchins, 
1995) appears to be analogous to some of the bundles created in the ICU, 
where bundles allow multiple representations, each suited to a specific 
task. 
Annotation here refers to the ways in which experts add meaning to a 
collection of information. The importance of annotation and the useful- 
ness of a technology (currently paper) that enables it has been described 
by others. Levy and Marshall (1995) report that: “In spite of organiza- 
tional efforts to make all sources available through digital means. . . ,ana-
lysts still make extensive use of paper as the principal interpretive me- 
dium” (p. 81). Three forms of annotation appear important here: selec- 
tion, organization, and the addition of symbols. Selection alone can be 
considered a form of annotation, adding value through data reduction, 
where expert knowledge of what is relevant and important is inherent in 
the selection itself. Organization of selected information is another form 
of annotation, adding meaning by positioning items in a manner that 
suggests relationships or categories. This may occur within bundles, where 
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the location of items may impart meaning (Figures 4 and 5) or between 
bundles, where the location of documents suggests meaning (Figures 6 
and 7). Experts in other domains use spatial positioning in this way, 
including air traffic controllers (Mackay, 1999) and information analysts, 
who “express nuances of meaning by simplyjuxtaposing paper documents” 
(Levy& Marshall, 1995, p. 81). Shipman and Marshall (1995) have devel- 
oped a “spatial parser” to infer meaning inherent in spatial organization. 
The third and most obvious form of annotation is the addition of symbols, 
including text, evident in the bundles described in this discussion (Fig- 
ures 4 and 5).Marshall (2000) has provided a detailed discussion of the 
challenges to digital libraries that annotation presents. 
Actiue creation is a final property of bundles that appears to be impor- 
tant to their usefulness. Each of the bundles described in this article was 
actively created to support one or more specific tasks. In focus groups, 
informants in this study commented on the benefit of this activity, allow- 
ing active processing of information, improving their understanding and 
awareness. In related work, physician trainees commented that the pro- 
cess of organizing patient information into a single “History and Physical” 
document at the time of hospital admission enhanced their understand- 
ing of the case, and this enhanced understanding was lost when responsi- 
bility for creating this document was transferred to others (Ash, Gorman, 
Hersh, Lavelle, & Poulsen, 1999). A related phenomenon has been noted 
in aviation automation, where it has been suggested that cockpit automa- 
tion, such as Ground Proximity Warning Systems (GPWS) , by removing 
humans from the information processing loop, may diminish situation 
awareness by the flight crew and thereby fail to achieve the intended goal 
of reducing the danger of Controlled Flight Into Terrain (CFIT) (von 
Thaden, 2000). It is thus an open question whether automatically gener- 
ated bundles, with information selected, organized, and annotated with- 
out human participation, would be as useful as the real thing. 
BUNDLESIN CAPTIVITY:SLIMPAD 
Based in part on these observations, the computer science team in 
our group has been exploring the issues associated with constructing 
bundles using a computing tool. We have built SLIMPad, the Superim- 
posed Layer Information Manager scratchpad, which allows problem solv- 
ers to easily select, annotate, and elaborate information from diverse in- 
formation sources. SLIMPad also allows us to explore the use of superim- 
posed information (Delcambre & Maier, 1999), maintaining active links 
from the SLIMPad (the superimposed layer) to the selected (referenced) 
information in the original sources (the base layer). SLIMPad supports 
freeform construction of nested bundles. Each bundle rnay contain one 
or more scraps, analogous to scraps in a scrapbook, where each scrap con- 
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tains a mark or reference to the underlying selected information in its 
original source. At present, SLIMPad supports marks that reference a va- 
riety of source document types, including XML documents, Microsoft Excel 
worksheets, objects in Microsoft PowerPoint presentations, and elements 
in HTML pages. Examples can be viewed at http://www.cse.ogi.edu/foot-
prints and a more complete description is available in Delcambre et al. 
(2000). 
CONCLUSION 
Field observations of expert clinicians caring for patients in intensive 
care units revealed widespread use of bundles as a means of managing 
information to support diverse, complex, and often simultaneous tasks. 
They appear to be especially useful for managing information in settings 
that are characterized by a high degree of uncertainty, a low level of pre- 
dictability, and potentially grave outcomes; where time and attention are 
highly constrained and interruptions are frequent; and where interdisci- 
plinary teamwork is essential. Reports of analogous observations from other 
fields such as aviation and air traffic control suggest that the use of bundles 
may be common in other domains. In an age of digital libraries, com- 
puter-based tools for creating and managing bundles may be needed as 
the information in these settings is increasingly represented in digital col- 
lections which promise to be much larger, more complex, more diverse, 
and more difficult to explore and manipulate. If successful, such tools 
may contribute to meeting “the traditional, and still vexing, challenge of 
getting critical information to those who need it in a sufficiently timely 
fashion that it can contribute to the quality of the decisions they make” 
(Scholtz, 2000). 
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